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Foreword 

This report explains the procedure used to compute the disturbance torques 
affecting the Mariner IV and Mariner V spacecraft during selected periods of 
flight and presents representative computer printouts showing these torques and 
the resulting spacecraft limit cycles. 

More extensive examples of the computer printouts, which provide more com- 
plete quantitative information, are given in the Addendum to this report 
(TR 32-1305, Addendum: Mariner ZV and V Disturbance Torques and Limit 
Cycles). 
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The disturbance torques acting upon the Mariner IV and Mariner V spacecraft 
during cruise mode operation are described. The history of the spacecraft rota- 
tional motion was obtained by processing sun sensor and Canopus sensor telemetry 
data, which were used in conjunction with the spacecraft dynamics to obtain 
qualitative and quantitative disturbance torque characteristics, Interval analysis 

account for quantization error introduced by the telemetry system. 
This procedure, together with the assumption of parabolic limit cycles, established 
definite upper and lower bounds on the disturbance torques at any time. 

Data for both Mariner IV (Mars 1964) and Mariner V (Venus 1967) indicate 
that low disturbance torques are present for both spacecraft. Mariner IV has a 
comparatively large (between 10 and 30 dyn-cm), slowly varying bias torque 
(apparently a solar torque) as well as a smaller component which changes by 
as much as 3-5 dyn-cm when a control valve fires. A small restoring torque 
(+% dyn-cm/mrad) in pitch and yaw indicates that the spacecraft is stable about 
the sun line. 

Mariner V is symmetrical about the sun line and hence does not have a large 
bias solar torque. Since there are no solar vanes, the solar restoring torque is also 
considerably smaller. However, the disturbance torque, which varies randomly 
with valve firing (by as much as 2-3 dyn-cm), is present. 
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Mariner IV and V Disturbance Torques and Limit Cycles 

1. Introduction 

The limit cycle operation of a spacecraft bang-bang 
three-axis attitude control system under conditions of 
constant bias torque and large ratios of control torque to 
disturbance torque is well understood. However, a space- 
craft with a similar attitude control system in interplane- 
tary travel (cruise) is subject to different conditions. This 
report presents the disturbance torques acting on such a 
spacecraft as well as the spacecraft response. Since this 
is the first time that such data have been available, they 
should provide material for advances in the state of the 
art for three-axis stabilized interplanetary cruise attitude 
control systems. 

A. Mariner Attitude Control System 

Mariner spacecraft are attitude-stabilized with respect 
to the sun and the star Canopus. The attitude control sys- 
tem is described in Ref. 1. Briefly, the system is a bang- 
bang three-axis-stabilized attitude control system using 
the sun and Canopus as references. 

Shortly after launch and again after the midcourse ma- 
neuvers, the attitude control system operates in the acqui- 
sition mode to attain the following spacecraft orientation, 
which is shown in Fig. 1. 

(1) For a Venus (Mars) mission, Z (-Z) of the standard 
XYZ spacecraft fixed coordinate system is coincident 
with the sun vector S. 

(2) The X axis forms a constant angle (X axis clock 
angle) with the S-Canopus vector C plane. 

During the remainder of the flight (barring large dis- 
turbances or commands from earth) the system operates 
in the cruise mode to maintain this attitude. The solar 
panels are then properly exposed to the sun, and the low- 
gain antenna is pointed toward the earth. 

Deviations from this nominal attitude are measured by 
position sensors mounted on the spacecraft. Rotations 
about the X axis (pitch) and the Y axis (yaw) are measured 
by the sun sensors which put out error signals related to 
the rotations. The Canopus sensor does not measure rota- 
tions about Z but rather about an axis V (roll) which never 
differs from Z by more than about 15 deg. This angle 
changes during a flight as the direction of Canopus 
changes relative to the spacecraft. For attitude control 
purposes, this measurement is used along with those of 
the sun sensors to establish angular position deadbands. 
When the spacecraft rotates to the edge of a deadband, 
cold gas thrusters are fired for a fixed minimum time 
period (nominally 20 ms), applying a restoring torque 
about the X, Y, or Z axis, depending upon which dead- 
band limit was reached. Note that the system applies a 
restoring torque about the Z axis to establish a deadband 
about the V axis. If there are no null offsets in the sensors, 
the deadbands are centered on the nominal attitude and 
are approximately 1 deg wide for pitch and yaw and YZ deg 
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Fig. 1. Mariner coordinate reference system 

wide for roll. Cruise mode attitude control thus establishes 
limit cycle rotational motion within the angular position 
deadbands. 

Although the gas systems are essentially the same on 
Mariner ZV and Mariner V, the torque environment in 
which they operate is not. Unlike Mariner V, Mariner ZV 
is unsymmetrical about the sun vector, and, as a result, 
unbalanced solar torques in pitch and yaw are compara- 
tively large (between 10 and 30 dyn-cm). Solar vanes were 
attached at the ends of the solar panels in an attempt to 
reduce these unbalanced torques. Each time a thruster 
fired, the appropriate vanes were stepped 0.01 deg in the 
direction which decreased the unbalanced torque. How- 
ever, the solar vanes were only partially successful and 
hence the torque environment is not the same for both 
spacecraft. 

B. Telemetry Data 

At the beginning of a Mariner mission, when the space- 
craft is near the earth, data are sent at the high rate 
(3% bits/s). Approximately 40 days into the mission, the 
rate is cut to 8% bits/s. During cruise mode operation, 
the output of the position sensors is sampled every 12.6 
(50.4) s when transmission is at 3345 (8%) bit+. The out- 
put is converted to a 7-bit data word (a binary number 
between 0 and 127) by a data encoder on the spacecraft 

and sent via the telemetry channel to tracking stations of 
the Deep Space Network. Processing of these data to 
obtain a history of the limit cycle motion in the X,Y,Z 
system is discussed in Section 11. 

C. Spacecraft Dynamics 

Consider a coordinate system X1, Xz, X, fixed to the 
spacecraft with its origin at the center of mass. In such a 
coordinate system, the rotational motion of the spacecraft 
is governed by the following equations adapted from 
Ref. 2.l 

or, in vector form, 

where T is the vector torque, o is the angular velocity 
about the center of mass as seen from an inertial reference, 
and J is the inertia matrix. That is, 

T =  

(3) 

If X, X, X, are taken parallel to XYZ respectively,2 then 
the rotational motion in the XI X, X, system is the same 
as that in the XYZ system. 

'The inertia matrix J is used in Eq. ( l) ,  rather than the inertia ten- 
sor I of Ref. 2, in order that Eq. ( 1) can be written in the vector 
form (Eq. 2). 

'Since the origin of X, Y, Z is not at the center of mass, the two 
systems differ by a translation. 
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Since the nominal attitude changes slowly with respect 
to an inertial reference as the spacecraft orbits the sun, as 
explained above, the rotational motion measured in XYZ 
(and hence relative to the nominal attitude) is not the 
same as the rotational motion viewed from an inertial 
reference. However, for purposes of determining distur- 
bance torque levels, the difference between the two mo- 
tions is negligible and the rotational motion in X Y Z  (or 
equivalently X,X,X,) can be used in Eq. (2). Also, for 
cruise-mode limit cycle motion, the magnitude of the 
angular velocity is small enough to make the second term 
on the right in Eq. (2) very small (usually on the order 
of 0.01 dyn-cm). Hence the governing equation can be 
simplified to .. 

T = j S = J 0  (4) 

where & is the angular acceleration measured relative to 
the nominal attitude. 

In Section 11, & is determined as accurately as possible 
from the position sensor telemetry data and substituted 
into Eq. (4) to obtain the disturbance torque levels. 

II. Determination of the Disturbance Torques 

Telemetry data from the position sensors provide a 
rather crude record of the spacecraft rotational motion. 
The central problem of this section is to reconstruct the 
limit cycles as accurately as possible from these data. 
Equation (4) can then be used to determine the distur- 
bance torques. 

As previously mentioned, the telemetry data provide a 
list of data numbers (DN) at the sample times for each of 
the position sensors. Here DN is the 7-bit data word used 
in the telemetry. A plot of these raw data (called an 
Edplot) is shown in Fig. 2. (The plot shows celestial sensor 
data as they were received during the flight.) The best 
data from all Deep Space Network tracking stations are 
stored on the Master Data Library (MDL) tapes. Input to 
a computer program that processes the raw data is ob- 
tained from these tapes. 

A. Position Sensor Calibration 

Before the spacecraft is flown, the position sensors are 
calibrated to determine the angular position-DN relation- 
ship. For calibration purposes, DN can be considered to 
be a continuous variable (which is later rounded off to an 
integer value by the data encoder). The value of DN cor- 

responding to a number of angular displacements (13 for 
Mariner V) is determined, and a polynomial is fitted to 
these points. A typical calibration curve is shown in Fig. 3. 

In addition to being sampled, the raw data are also 
quantized, since only integer values of DN are sent via 
the telemetry. Hence, a given DN indicates that the 
angular position is within some interval. For example, 
a DN of 64 in the pitch channel for Mariner V indi- 
cates that the angular position is between -0.0944 and 
t0.1488 mrad, a range corresponding to DN = 64.5 and 
DN = 63.5, respectively, on the calibration curve. 

B. Single-Value and Interval Analyses 

At this point, a single value (rather than an interval) 
for the angular displacement could be obtained from the 
calibration curve by assuming that the DN of the teleme- 
try data is exact. The angular displacement would then 
assume values from a discrete set; the values would, how- 
ever, be contaminated with quantization errors. These 
data could be processed to obtain displacements in the 
XYZ system. When limit cycle curves are fitted to these 
data, quantization errors would be expected to average 
out. This is true to some extent, and this procedure is one 
of those used in the data reduction. 

Alternatively, the same computation is done using in- 
terval analysis (Ref. 3). The displacements are then char- 
acterized by an ordered pair corresponding to the interval 
limits discussed earlier. Henceforth, either a barred vari- 
able (e.g., T, 5) or a bracketed ordered pair, i.e., [Upper, 
Lower] will be used to denote an interval variable. 

Several benefits of using interval analysis are: 

(1) The intervals are overlapped to account for inaccu- 
racies in data acquisition. For example, since the 
data encoder cannot round off exactly, there is a 
range of variables which may round off either way. 
Also, there is electrical noise in the sensor output 
(especially the Canopus sensor) which can cause 
transmission of an erroneous DN. In the example of 
the Mariner V pitch channel, interval overlapping 
results in the association of the displacement inter- 
val [ +0.1659 mrad, -0.1114 mrad] (correspond- 
ing to DN = 63.43 and DN = 64.57 respectively on 
the calibration curve) with a DN of 64. Other pitch 
and yaw displacement intervals are also overlapped 
by the amount cited in this example. Overlapping 
for the roll displacements is discussed below in 
Section 6. 
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Fig. 2. Edplot data for pitch, roll, and yaw, Mariner IV, day 193, 1965 
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D. The limit Cycles 

Figure 4 is a typical plot of angular position for the 
X, Y, Z, and V axes at the sample times. For interval 
analysis, a displacement interval is associated with each 
point. The rotational motion of the spacecraft will now 
be determined by fitting continuous curves to these data. 

01 
-30 -20 -10 0 IO 20 30 

ANGULAR POSITION, rnrod 

Fig. 3. Mariner V pitch sun sensor 
calibration curve 

(2) Because curves are fitted exactly by interval anal- 
ysis, no further errors are introduced in this step. 

Henceforth, computations are done by both single-value 
and interval analysis. In each case, angular displacements 
are determined from the raw data by the applicable 
method. 

C. Spacecraft Rotation in the XYZ Coordinate System 

Recall that the position sensors measure rotations in the 
XYV coordinate system, while the dynamical equations 
hold in the XI X, X, system. Angular displacements in the 
XI X, X, (or equivalently the XYZ) system are determined 
from XYV rotations by the following set of equations. 

e. = ex 

eu = e, 

e, - cosff(eusinp + e.wsp) 

e, - cosff (e,sinp - 
(Mars mission) sin a 

Sin ff cos P) (Venus mission) 

where (Y is the Canopus cone angle and p is the X axis 
clock angle. These equations are accurate to first order 
in the small angles Ox, e,, and 0, and are easily derived by 
geometrical arguments. 

Consider limit cycle segments terminated by an atti- 
tude control thruster firing on any one of the three axes. 
As a starting point for the analysis it is assumed that T 
is constant during each such segment. Equation (4) then 
implies that the limit cycle segments are parabolas. Sub- 
sequently, it will be established that there is, in fact, a 
restoring torque, and therefore this assumption is not 
strictly valid. However, this restoring torque is small 
enough to be treated as a perturbation on the general 
parabolic nature of the limit cycle segments. When parab- 
olas are fitted to these segments by least squares and by 
interval analysis, the following was observed: 

The residuals of the least-squares fit appear to have 
the character of quantization error only (see Fig. 5). 

The limit cycles were never so “nonparabolic” that 
no parabola could be fitted through all the intervals 
used (see Appendix A). 

It can also be inferred that the disturbance torque com- 
ponent about any one axis does not change significantly 
during a complete limit cycle on that axis. However, a 
thruster firing on any axis applies a significant torque to 
the other two axes via inertial cross coupling and thruster 
misalignment. Hence, the complete limit cycles are not 
parabolic. If the misalignments were known, the torque 
input due to firings on each axis could be determined 
and the data adjusted to make the limit cycles appear 
parabolic. However, since there is no information at this 
time regarding thruster misalignment, the rotational mo- 
tion was reconstructed by fitting parabolas to the limit 
cycle segments. For purposes of ordinary analysis, the 
standard least-squares method of curve fitting was used. 
The method of fitting parabolas to the data using interval 
analysis is discussed in Appendix A. 

Since many of the segments do not contain enough 
points for a meaningful curve fit, the record of rotational 
motion contains time gaps. That is, when a limit cycle 
segment contained less than 16 points for data at 8% bits/s 
or less than 64 points for 33% bits/s, the torque interval 
was so large (around 5 dyn-cm) that it was not worth the 
effort of processing the data. 
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Fig. 5. Pitch, roll, and yaw least-squares fit residuals, Mariner V ,  day 177, 1967. Time is  in hours, minutes, 
and seconds (GMTI. Symbols: * = pitch; X = yaw; 0 = V-axis roll 
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Also, considerable overlapping of the roll displacement 
intervals was necessary to allow for the large electrical 
noise component in the output of the Canopus sensor. 
A typical plot of Canopus sensor output vs angular dis- 
placement (Fig. 6) reveals the character of this noise com- 
ponent, while the sampled data plots (Fig. 4) show its 
obvious effects (compare the noisy roll data with the pitch 
and yaw data). 

The displacement intervals for the roll axis were over- 
lapped as follows: the angular displacement interval 

sponds to the range of values between DN +0.75 and 
DN -0.75 on the calibration curve. Thus, for Mariner V, 
the interval [2.236 mrad, 1.535 mrad], corresponding to 
DN = 63.25 and DN = 64.75 respectively on the calibra- 
tion curve, is associated with DN = 64. 

As a consequence of this rather large overlapping, the 
roll torque intervals tend to be large. However, it should 
be noted that the scarcity of information regarding the 
roll torque does not significantly affect the determination 
of disturbance torque characteristics about the pitch and 

associated with each DN of the telemetry data corre- yaw axis. 
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Fig. 6. Typical plot of Canopus sensor output vs i angular displacement 
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111. Character of the Disturbance Torques 

The following amount of data was processed using a 
computer program which reduces the MDL tape data: 

(1) 6 days (days 361-366 of 1964) of the Mariner IV 

ceding or following limit cycle segments, and thus some 

mission at 33% bits/s. 

(2) 28 days (days 102-129 of 1965) of the Mariner IV 
mission at 8?4 bits/s. 

(3) 12 days (days 172-183 of 1967) of the Mariner V 
mission at 33% bits/s. 

(4) The changeover from 33% to 8% bits/s for the 
Mariner V mission (days 204-214 of 1967). 

Selected sequences of these data are presented in 
Figs. 7-13. These particular sequences are typical of the 
data acquired and are presented to illustrate the types 
of behavior encountered. The two computer programs 
used, the Lister program and the Data Reduction pro- 
gram are reproduced in Appendix B. 

A. Explanation of the Data 

Rotations about the V and Z axes (denoted by 0, roll, 
and H, true roll, respectively) and the X and Y axes are 
shown on the limit cycle plots. Disturbance torques are 
computed by both of the previously mentioned methods 
(least-squares and interval analysis parabola fits). 

The heavy vertical lines denote the end of one limit 
cycle segment and the beginning of the next. The loca- 
tion of these lines was determined by a computer program 
which sought particular patterns in the data points (only 
points near the edge of the deadband were considered) 
typical of an attitude control thruster firing. Since failure 
to detect a firing resulted in a complete loss of torque data 
for the limit cycle segment in question, the firing detec- 
tion routine is purposely oversensitive. In many cases 
(especially for data at 33% bits/s) more than one vertical 
line may correspond to a single attitude control thruster 
firing. This is necessary since it may be impossible to 
assign a particular data point to a given limit cycle seg- 
ment with complete certainty. Since limit cycle segments 
with less than 64 (16) points for data at 33% (8%) bits/s 
are not processed, as explained above, the information 
conveyed by these “ambiguous data points” is lost. (It 
might be possible to recover this information by more 
sophisticated analysis of each firing.) As an example of 
“ambiguous points,” consider the firing on the yaw axis 
at approximately 7 h, 59 min of day 362 (see Fig. 7). It is 
impossible to assign all the data points to either the pre- 

points (those included between the two heavy vertical 
lines) are not included in either segment. 

In addition to the oversensitivity of the firing detection 
routine, the curve-fitting routine also allows for this “un- 
certainty of firing time” by not using the end points for 
curve-fitting purposes. As an example of the difficulties 
that arise when a firing is not properly detected, consider 
the limit cycle segment separated by the pitch firing at 
approximately 12 h, 19 min of day 366 (see Fig. 8). At 
first glance, it appears that any ambiguous points have 
been excluded. The first hint of trouble is the fact that 
the torque (for the pitch axis) as determined by the least- 
squares fit does not fall within the torque interval deter- 
mined by interval analysis. (Unless something is amiss, the 
least-squares torque falls within the torque interval.) 
Looking further, it can be deduced that a double firing 
has occurred. The change in angular velocity caused by a 
single firing is constant. In this case the change is approxi- 
mately twice this minimum constant. This is easily seen 
by comparison with a single firing; e.g., the firing on the 
pitch axis at approximately 10 h, 50 min of the same 
day (see Fig. 9). The broken vertical line indicates where 
the limit cycle segment should have ended. The data 
points between this line and the heavy vertical line on 
the right should not have been included in the limit cycle 
segment. Inclusion of these points resulted in the com- 
putation of torque levels which were obviously erroneous. 

Selection of the firing detection routine was then a 
trade-off between (1) including as many points as possible 
in each limit cycle segment so as to get as much informa- 
tion as possible, (2) avoiding cases of erroneous torque 
levels resulting from including too many points, and 
(3) simplicity of the routine to keep computation time 
to a minimum. 

Since the character of the disturbance torques is some- 
what different for each spacecraft, we consider the two 
separately. 

B. Mariner IV Disturbance Torques 

Figures 7-12 pertain to the Mariner ZV flight. The first 
conclusion that can be drawn is that a restoring torque 
of approximately %i dyn-cm/mrad is present on the pitch 
and yaw axes. That is, a torque proportional to the angu- 
lar displacement reaches a magnitude of 1 dyn-cm at the 
edge of the deadband. The presence of this restoring 
torque is established by considering a long limit cycle 
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which is divided into a number of limit cycle segments 
by firings on the other axes. Consider the pitch limit cycle 
beginning at around 23 h, 35 min of day 361 (see Fig. 10). 
Torque levels are computed for four limit cycle segments 
before the pitch attitude control thrusters fire again at 
approximately 1 h, 23 min of day 362. The two middle 
segments have rms torque levels that are about 1 dyn-cm 
less than those of the end segments. This pattern is con- 
sistent on all such long limit cycles, many of which can 
be observed in the Addendum to this report. 

In addition to this restoring torque, there appears to be 
a bias torque (some part of which is probably a solar bias 
torque) which changes in what appears to be a random 
manner from one limit cycle to the next. This change in 
torque level can be observed in Fig. 7 accompanying the 
pitch firing at about 8 h, 51 min of day 362, where a 
change of about 1 dyn-cm is noted. Another example 
occurs at the pitch firing at 14 h, 58 min on day 362 
(see Fig. 11). 

Relatively large changes in bias torque over long 
periods can be noted by comparing the torque levels of 
Figs. 7-11 with those of Fig. 12, which gives torque levels 
some 3 months later. The change is most apparent for the 
pitch axes, where a change of about 15 dyn-cm occurred. 

C. Mariner V Disturbance Torques 

Figure 13 pertains to Mariner V .  In this case, the restor- 
ing torque appears to be much smaller than the Mariner IV 
restoring torque. It is tempting to assert that one can 
deduce the presence of such a restoring torque from the 
data. However, if such a restoring torque does exist, it is 
smaller than the resolution of this data-reduction pro- 
cedure. Changes in torque level on the order of 1 dyn-cm 
were noted to accompany some of the valve firings. (See, 
for example, the pitch valve firings of Fig. 13.) Not enough 
data were processed for Mariner V to detect long-term 
changes in torque level such as occurred on Mariner IV. 

IV. Conclusions 

Mariner N has a comparatively large ( 2 2 5  dyn-cm), 
slowly varying bias torque (apparently a solar torque) as 
well as a smaller component which changes when a con- 
trol valve fires. This change may be as high as 3-5 dyn-an. 

Mariner V is symmetrical about the sun line and hence 
does not have a large bias solar torque. Since there are 
no solar vanes, the solar restoring torque is also consid- 
erably smaller. However, the disturbance torque, which 
varies randomly with valve firing (by as much as 
2-3 dyn-cm), is present. 
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Appendix A 
Fitting a Parabola by Interval Analysis 

(A-4) 

The problem can be stated as follows: given a set of N 

interval (angular displacement) associated with each, de- 
termine the interval parabola 

That is, 
discrete values of a variable (in this case, time) and an - 

tf ti 1 -1 ei ~] = [: ti :i [.I - 
57 tk e k  s= zt2 + 6 t '+  G (A-1) 

This equation is solved for every combination of N 
sample points taken three at a time. The intersection of 
all solutions yields Z, E ,  Z. If there is no parabola which 
passes through all of these intervals, then the intersection 
is empty. 

which passes through these intervals. Note that the inter- 
Val parabola is a third-order infinity of parabolas, every 
one of which passes through the N intervals. 

The interval parabola 

which passes through the intervals (ei, Bi, 6,) associated 
with any three of the N values of the time (ti,tj,tk) is 
determined by the following equations: 

where 

i, i, k = 1, N 

i # i # k  

As N increases, the number of equations (of the type 
A-3) which must be solved increases rapidly: 

N !  
Number of equations = (f) = ( N  - 3) 13! (A-5) 

Therefore, it was necessary to judiciously select combi- 
nations of sample points to be used. Since sample points 
with the largest separation tend to give the most informa- 
tion about the curvature (the torque level is determined 
from the curvature), points used in Eq. (A-4) were se- 
lected, one each from three groups of points: one centered 
near the middle of the limit cycle segment and one near 
each end. For data at 8% (33%) bits/s, a total of 11 (26) 
points are included in the three groups; 5 (12) points in 
the middle group and 3 (7) points in the others. Hence, the 
interval parabola passes through 26 (or 11 if the bit rate 
is 8% bits/s) judiciously selected intervals rather than all 
N intervals. The improvement obtained by using all N 
points did not justify the increase in computation time. 
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Appendix B 

Computer Programs 

1. Discussion 

The Lister program and the Data Reduction program 
are discussed and reproduced in this Appendix. Both re- 
quire a plotting routine. The routine used with the pro- 
grams in this study was JPL T3. 

A. lister Program 

The Lister program consists of a main program and 
ten subroutines that (1) read MDL tapes to select attitude 
control data, (2) output these data in the form of printer 
plots of angular position vs time, and (3) store the appro- 
priate data on tape for use in the data-reduction program. 

A description of the main program and the subroutines 
follows. 

1. Main program-$ZBFTC ACL. This is essentially an 
“indexing” program which calls the appropriate subrou- 
tines to read one data record of MDL tape at a time and 
then output the data. 

2. Subroutines. The subroutines are as follows: 

(1) $IBMAP SPLT-Splits data word into appropriate 

(2) $IBMAP CLOKB-DSL/SO simulator clock. 

(3) $IBMAP TIMR-Time converter. 

(4) $IBMAP RDR-MDL tape reader. 

(5) $IBFTC DECOM-Decommutation of MDL data. 

(6) $IBFTC MRVSDN-Canopus measurement correc- 

(7) $IBFTC ANGLE-Block data used by MRVSDN. 

(8) $IBMAP PRPLT-Printer plot file. 

(9) $IBFTC JPLT-Plot routine. 

data bits. 

tion. 

(10) $IBMAP URPLT4-Plotter. 

Subroutines 5, 6, and 7 are specialized for M a r i m  IV 
and Mariner V. That is, a slight variation of the same 
program is needed to account for variations in the param- 
eters of the two missions. 

This program has the following capability: 

(1) It provides printer plots which approximate the 
telemetry quantization level. 

(2) It reads only the angular displacement channels 
from the MDL tape: two sun sensors and the 
Canopus sensor. 

(3) By mathematically deducing true roll from the 
three angular position measurements, it corrects for 
the fact that the Canopus sensor does not measure 
true roll. 

(4) It writes the appropriate angular displacement data 
on tape. This tape serves as an input to the Mariner 
data reduction program. 

B. Data Reduction Program 

The Data Reduction program consists of a main program 
and 18 subroutines that (1) detect attitude control thruster 
firings and, in so doing, divide the angular motion data 
into limit cycle segments; (2) fit parabolas to these seg- 
ments by the least-squares and interval analysis methods; 
(3) compute the torque levels using these curve fits, and 
(4) compute the rate increments induced by the firings 
when this is possible. 

A description of the main program and the subroutines 
follows: 

1. Main program-$ZBFTC MARDAT. This program 
reads the tape input produced by the Lister program, 
calls the appropriate subroutines to analyze the data, and 
outputs the torque level and minimum rate increment 
data. 

2. Subroutines. The subroutines are as follows: 

(1) $IBFTC PARINT-Interval analysis parabola fit. 

(2) $IBFTC MAXVT-Multiplies a 3 X 3 matrix by a 
3 X 1 interval vector. 

(3) $IBFTC IDMT-Multiplies an interval by a scalar 

(4) $IBFTC ISUBTR-Subtracts two intervals. 

(5) $IBFTC IMULTP-Multiplies two intervals. 

constant. 
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(6) $IBFTC INTX-Finds the intersection of two in- 

(7) $IBFTC IDA-Adds two intervals. 

(8) $IBFTC PARF-Least-squares fits a parabola. 

(9) $IBFTC DECT-Detects thruster firings. 

tervals. 

(10) $IBFTC PAT-Used by $IBFTC DECT; looks for 
data point patterns typical of thruster hings. 

(11) $IBFTC MATT-Inverts a 3 X 3 matrix. 

(12) $IBFTC CHECK-Checks for outages and bit errors 

(13) $LBFTC TRANSF-Multiplies a 3 X 3 matrix by a 
3 X 1 matrix (linear transformation of a vector). 

(14) $IBFTC RELT-Adds time in days, hours, minutes, 
seconds format. 

in the data. 

(15) $IBFTC MNRT-Computes the minimum rate in- 

(16) $IBFTC MRVSDN-Calibrates the position sensor. 

(17) $IBFTC IANG-Computes angular position inter- 

(18) $IBI?TC CANCOR-Corrects the Canopus mea- 

(19) $IBFTC ANGLE-Block data for CANCOR and 

(20) $IBMAP PRPLT-Printer plot file. 

(21) $IBFTC JPLT-Plot routine. 

(22) $IBMAP URPLT4-Plotter. 

crement. 

vals from the data number. 

surement. 

IANG. 

Subroutines 1619 are specialized for Mariner ZV and 
Mariner V. 

JPL TECWNlCAl REPORT 32- 1305 55 



II. lister Program 

c 
C V A R I N F R  A T T I T U D F  CONTROL L I S T L R - .  
r 

C 
c I N P I I T  DATA I IME=R11Nr. I ING T I’4E __ 
C IDAY=OiJTPUT OF DATA STARTS AT O E G I N N I N G  OF T H I S  DAY 

7 3 4  GO TO 28 I 

“ 1 5  I F ( I 4 ( 2 )  .FQ* I F N D )  GO TO 28 

P413 C A L L  TTMFR(  I A ( 3 )  , I D , I H R d M , I S )  
9 4 4  I F ( I D . L T * I D A Y ) G O  TO 2 8  

3-52 W R I T E  ( 6 , 1 2 9 )  
C 
C F I N D  SYNC 

n5ini WRITE ( 6 , 1 2 8 )  ID,IHR,IY,IS 

56 

C 5 4  CALL DECO!.I( I A , V D N ~ I ~ ~ ~ V ~ ~ ~ O K ~ I ~ ~ , V ~ ~ , G Y R O ~ I D ~ I H R ~ I I ’ ~ ~ I S ~  
3 6 2  DO 117 I J = l , l O  
C 
C F I N D  4b!D STORF DATA FROV D E S I R E D  CHANNELS 
C 
06’3 C A L L  GETTM( I A ~ V D ~ ~ , I 3 0 ~ V 3 0 ~ 0 K ~ 1 2 2 ~ ~ 2 2 ~ G Y R O , I D , I H R ~ I ~ ~ I S ~  
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06330 I F ( V D N ( ~ ) O C T * ~ . A N D ~ V D N ( ~ ) ~ L T ~ ~ ~ A N D O V D N ( ~ ) ~ L T ~ ~ ~  GO TO 117 - 
C 6 3 0 1  DO 6302 JJ=1,3 
0 6 3 0 2  T H ( J J ) = V D N ( J J )  

C A L L  A N G P O S ( T H 9 V 9 I D )  
168 I F ( o N 0 T o O K ) G O  TO 80 
n78 I F ( 1 3 0 o E Q o O 1 G O  TO 80 
079 C A N = V 3 0  
Q80 IF(NDEXIMEIO)GO T O  102  
c 
C QATA OUTPUT 
C 
IO1 
102 W R I T E ( 1 7 )  ID,IHR,IM,IS,(VDN(KK),KK=l93) ,CAN 
In3 TF( IQ .EO.O)WRITE(9 ,137)  I D  

~~'RITE(6,130)1D,IHR,IM,IS,V(l) , V ( 2 )  9 V ( 3 )  9 V ( 4 )  r C A N  

1 r)4 CAI  I J PI T 3  1 
1 0 5  I Q = 1  
117 C O N T I N U E  

Y C = K C + l  

NDFX=2  
I F ( K C I N E . ~ ~ ) C O  TO 118 

11.8 CAI  I CI O C K ( T )  
119 T = T - T L  

1 2 1  C A L L  CR 
12(! I F ( 6 " n Q Q m * T I M E  - T )  1 2 1 , 1 2 1 9 2 5  

FND F I L F  17 
1 2 5  STOP 
1 2 6  FORMAT(  l H l 9  3 5 X 9 4 6 l A T T I T U D E  CONTROL N A R I h E R  I"IGL L I S T E R  -- PAGE 9 

B 14)  
1 2 7  FORUAT (&I=- _______.____________ -- 

1 7 9  F0RuA.T ( / 1 O X  9 4 8  HDAY HR . : I I N  S E C  P I T C H  YAW R O L L  TRU 
138 F O ~ U ~ T ( / ~ ~ X , ~ H ~ A Y I I ~ ~ ~ H  H O l l R , I 3 , 4 H  M I N g I 3 r 4 H  S E C 9 1 3 )  

0, QQLL C A N  COh!F) 

BRAD95X 9 1 2 H S T A R T I N G  DAY9 I 4 / / /  
$25X,9H*  = P I T C H  / / 2 5 X 9 7 H X  = YAW / / 2 5 X 9 8 H O  = R O L L  / /  

STA I S X A l  
C L  A 5 9 4  

LL 1 8  
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L X A  PZE94 
COM 
P R T  

S X A l  S X A  ** $4 
L R S  17 
L B T  

S X A 2  S X A  ** 9 4  

END A X T  **,4 
T R A  1 9 4  

PZE P Z E  3 3 3  

BIRMAP CLOK:! 

* D S l  /9C! SIMUI ATOR CI  OCK 
* 
* 

E N T R Y  C L O C K  ___ 
E N T R Y  C L O K  3 

F L A G  
TRA Z F R O  

___.____ C L O C K  7 F T  

C P I  5 
ORA E X P  

XCA 

S T O *  3 9 4  
F MP ~ _ _ _ _ . . _  S C A L E  ___ 

C A L L  T I WE R ( I T I ?4E 9 I D A Y  9 I PI I I\i 9 I S E  C 1 
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C A L L  R E A D E R ( A R t A 9 N O N D S )  E N T R Y  R F A D E R  - 
E N T R Y  OR OPN REWD 

PTW I N F I L E  - 
ECR AXT ** 9 4  

CN" SXA ECNR 9 4  

Y 7 F  I W F I L F  
FCN'i 4 X T  * * 9 4  - 

TRA 1 9 4  
READE? S X A  - F N D 9 4  - 

C L A  3 9 4  
S T A  R F A D + 3  - 

PZF 
P Z F  EOF,  ,FRP 

.-__I__~- 

T Q A  - 1 9 4  

__ T S X  *CL05E.rL_- __.__ --_-___ ___-- 

C A L L  R E A D E R (  A R t A 9 N O v l D S )  

R E A D  TSX * R E A D 9 4  
I N F I  LE 9 9 ECS 

I O R T  ** 9 9**- - 
LXD "-1 9 4  

P X A  094 ___- 
FND A X T  ** 9 4 

STO* 494 
T R A  1 9 4  

EOR HTR c 
€OF L X A  E N D  9 4 
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1 3  C A I  I LPJ. I T ( RIJ F ( KS 9 D N 1 9 D'd 2 1 _. -- 
14 I F ( D N 1  o F Q o  1 2 7  .AND. DN? .EQ. 1 2 7 )  GO T O  1 8  

r 

2 1  J L P = I  
2 2  IF(DN2 . F Q o  L P ( 1 ) )  GO TO 2 8  
23 CONT INIJE 
74 I L P = 2  
75  GO TO 2 8  
2 7  DATA ( L O P O S ( I , l I , I = 1 , 1 2 @ ~ /  
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8 4 1 5 , 3 0 5 , 4 3 5 ~ 4 1 6 ~ 3 0 6 ~ 4 3 6 ~ 4 1 7 9 ~ 0 7 ~ 4 3 7 ~ 4 ~ 8 ~ 3 0 ~ ~ 4 3 8 9 4 1 9 ~ 3 0 9 ~ 4 3 9 ~  
4 4 1 0 , 3 0 ~ ~ 4 3 0 ~ 4 0 1 ~ 3 ~ 1 ~ 4 2 1 ~ 4 0 2 ~ ~ 0 2 ~ 4 2 2 ~ 4 0 3 ~ 3 0 3 9 4 2 3 ~ 4 0 4 ~ 3 0 4 ~ 4 2 4 ~  
8 4 0 5 , 3 0 5 , 4 2 5 , 4 0 6 , 3 ~ 6 , 4 2 6 , 4 0 7 r a 0 7 , 4 2 7 , 4 0 8 , 3 0 8 ~ 4 2 8 , 4 0 9 ~ 3 0 9 ~ 4 2 9 ~  
8400 9 3 0 0 9 4 2  0 / 

2 8  K C=-7 
2 9  I L P = I L P - 1  
3901 I F ( I I P  o E Q o  0 )  I L P = 4 0  
7 0  I 2 n = Z l O - N - 1  
71 1 2 1 ~ 2 2 0 - N - 1  
7101 1 2 2 ~ 2 3 0 - N - 1  
32  ICNTR=O __ 
3 2 0 1  RETlJRN 

3 2 0 3  I C N T R =  I C N T R + l  
3 2 0 2  ENTRY GETTM(RUF,V,KSO,V30,OKtK22,V22~V22,GY~O,~AY,HR~MIN,SEC)  

3 4 0 1  I 2 2 = 1 2 2 + 1  
3 5  KC=KC+37  
36 I F l Y C  O N E .  K S )  GO TO 4 0  

_______ 77 I 2 n = 2 o 0  
3 8 0 1  I 2 2 = 2 2 0  
3 9  
39r)l I F ( 1 L P  . E Q . 4 1 1  I L P = 1  

___-_ _________I_ 

I L P =  I L P +  1 

I- 
t 
c CHAWNELS 105,106 A4D 114 
r 

c 
_l_ll_ 

c L A 5 T  F R A V E  HAS DK 2 0 0  SYNC 
c 
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62 

3 2  I 2 1 = 2 2 0 - N - 1  
3 1 7 1  1 7 2 = 2 3 3 - N - l  
3 2  ICNTR=O 
7 7 0 1  RETIJRPI 

._ .___ 

3 7 0 2  FJTRY G~TT~,tPUF,V,K30,V?~,OK,K22,V22,V22 ,GYRO,’JAY ,HR,MIN,SEC) 
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7 4 q 1  1 2 2 = 1 7 7 + 1 -  
3 5  K C = KC+ 3 2 
36 I F ( Y C  .NFo KS) GO TO 40 
37 I 2r .=2nn  

5 1  C A L L  SPLIT(nUF(KC+7)rDNl1DN2) 
5 2  \/ ( 3 ) = D N 1 

I 1=xx/i2.-n.5 
V 3 n =  I I 

C A L L  
6 8  K 3 n = I 3 C \  
- 73 

8 1  R E  TURN 
C 
C L A ? T  F R A h ' €  HA? DK 2Qc)  S Y Y C  
C 
8 1  C A L L  'iPL I T  (nLJF( 25  1 ,ON1 9ON2) 

83  I L P = I + l  

8 5  C O N T I N U E  

T I h l F R  CS\!F ( K C - 2 2  1 r D A Y  9 t i R 9 N I  N 3 SEC ) 

____ - _ _  - 

8 2  DO 8 5  1=-1,4n 

8 4  I F ( D N 2  O E Q O  L P ( I ) L & O  T O  28  _I_-__- 

86 GO T O  24  
EhD 

S I R F T C  CPNP(JS 
c 
C CAP!QP!JS VEASt IREMENJ C O R R C U I O N  - FOR "41.1-64 
C 

C 
C T H I S  IS FOR PrM-64 
C YOlJ A L S O  NEFD StIRPROGRAk.4 E L O C K  D A T A  

SUnROIJT I NF ANGPOS ( R 9C 9 K ) 

t- 

C SURROIJT I N E  l lNGPOS H A S  3 ARGUMENTS 
C I N P U T  B I K  

C B(2) = YAM MEASUREMENT 
C ~ ( 1 )  = PITCH MEASURFMENT 

C 6(31 = R O L L  MEASUREMENT 

JPL TECHNICAL REPORT 32-1305 63 



C 
C K = T I M E  
C OUTPUT C 
C C ( 1 )  = P I T C H  I N  M I L L I - R A D I A N S  

, c  C ( 2 )  = YAW I N  M I L L I - R A D I A N S  
C C ( 3 )  = R O L L  IM M I L L I - R A D I A N S  

C 
D I M E N S I O N  5 ( 3 ) 9 C ( 4 )  
COMMON/COEFF/AA(4 ,3 )  
COMMON/CANOPl/CLOCK/CANOP2/CONE(275) I 

C c C L O C K ,  = X - A X I S  CLOCK ANGLE I N  DEGREES 
C CONE(K I=CANOPOS CONE ANGLE I N  DEGREES 
c 

I F  ( K o G T . 3 3 0 )  J = K - 3 3 1  
I F  ( K o L T o 3 3 C ) )  J = K + 3 4  
THETAl=CLOCK3017453293E-01 
THEfA2=CONE(J)**17453293E-O1 

C 
C C A L I B R A T I O N  O F  ANGULAR P O S I T I O N  FROM D A T 4  NUMBER 
C 

C ( 3 ) = E A A ( 1 , 3 ) + A A ( 2 , 3 ) * B ( 3 ) + A A ( 3 ) # * 2 + A A ( 4 ~ 3 ) ~ 6 ( 3 ) * * 3 )  
C(4)=(C(3)-COS(THETA2)*(+C(l)~COS(THETAl)+C(2)*SIN(THETAl)))/ 

R S I N (  T H F T A ?  1 
RETIJRN 
END 

B I B F T C  CANPlJS 
C CANOPUS MEASUREVENT CORRECTION - FOR MV-67  
C 

C 
SURRO1lT I N E  ANGPOS ( E ,C 9 K 1 

C T H I S  I S  FOR V V - 6 7  
~~ __ 

C Y O U  ALSO NEFD SUBPROGRAM-BLOCK DATA 
P 

c SURROUTINE ANGPOS HAS 3 ARGIJMERITS 
c I N P l J T  R,K 
C P ( 1 )  = P I T C H  MEASUREMENT 
C B ( 2  1 = YAW MEASUREMENT 
c B ( 3 )  = R O L L  MEASUREMENT 
C K = T I M E  
C OUTPUT C 
C C ( 1 )  = P I T C H  I N  M I L L I - R A D I A N S  
C C ( 2 )  = YAW I N  M I L L I - R A D I A N S  
c C ( 3 )  = R O L L  I N  V I L L I - R A D I A N S  
C C ( 4 )  CORRECTED R O L L  I N  M I L L I - R A D I A N S  
r 

COMMON/CANOP1/CLOCK/CANOP2/CONE(l35) 
C 

64 

C CLOCK = X - A X I S  CLOCK AFvGLE IN DEGREES 
C CCNE ( K) =CANOPUS CONE ANGLE I N  JEGREES 
C 

J = K - 1 6 4  
THFTAl=CLOCK*o17453293E-01 
T H E T A 2 = C O N E ( J ) * . 1 7 4 5 3 2 9 3 E - 0 1  

C 
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CALIRPPTTO~I _._____________----I.- O F  A N G I J L A R  POSITION F R O 8  I__-___- C A T A  N(J;'lBEQ ______ - 

C ( 1  ) = ( A ( 1 ~ + ~ ( 2 r l ) * ~ ( l ) + ~ ~ ~ ~ 1 ~ ~ ~ ~ 1 ~ * * 2 + A ~ 4 ~ 1 ~ * 6 ~ 1 ~ * * 3  i 

_______ C ( 2 ) = ( A ( l , Z ) + A ( 7 , 2 ) * B ( Z ) + A ( 3 , 2 ) * ~ ( 2 ~ * * 2 + A ( 4 , 2 ) * ~ ( 2 ) * * 3  ____- - 

r 
r 

f+A(5,l)*n(1)**4eA(6,1)*~(1)**5) 

l+A(5,2)+6(7)**4+A(6,2)*~(2)*+5) 

1 + A  ( 5 93 *R ( 3 )**4+A(6 93 ) * B (  7 )  +*5 1 

B SIN(THETA2) 

C~3)=(A(1,3)+A12,3l*B(3)+A(3,3)*B(3)**2+A(4,3)*B(3)**3 

C ( 4 ) = ( C ( 3 ) - C O S ( T H E T A 2 ) * ( - C ( l ) * C O S ( T H E T k l ) + C ( 2 ) * S I N ( T ~ E T A i ) ) ) /  ," 

________I__ - RETURN 
FND 

BIRFTC ANCLF ____.__-__--____I 

C ANGLE4 
r T H T S I S f O R M h . 1 - 6 4 - - - -  ANGLE4 

C ANGLE4 
ni BLOCK .DATA- ____I______ _- ANGLE4 
" 2  COP@ON/CANOPl/CLOCK ANGLE4 
0 3  COPMON/CANOP2/CONE( 275 I -__- ANGLE4 
0 4 COMMON /.COEFF/AA ( 493)  ANGLE4 
0 5  DATA CLOCK/-.56E02/ ANGLE4 
0 6  D A T A  ( C O N E ( I ) , I = 1 , 7 5 ) /  ANGLE4 

ANGLE4 
08 7 1n2.49, in2.61, 102.72, 102.83, 102.939 ANGLE4 

ANGLE4 
11 5 1C13.75 9 1 Q L 7 9 ,  103.83, 103.879 103.90, ANGLE4 
1 2  6 ln3.93, IP3.959 103.97, 103.98, 103.999 ANGLE4 

ANGLE4 
1 4  8 in3.97, io3.96, 103.94, 103.91, 103.89, ANGLE4 

ANGLE4 
16 1 103.659 103.60, 103.55, 103.49, 103.43, ANGLE4 
17 2 1C3.379 103.30, 103.24, 103.169 103.099 ANGLE4 
18 3 117.01, 102-949 102.86, 102.779 102.69, ANGLE4 
79 4 1n2.60, 102..5i9 102.42, 102.33, 102.24, A N G L t 4  
70 5 107.15, ln2.'35, 101.959 101.85, 101.74, ANGLE4 

ANGLE4 2 1  6 l n l . 6 4 ,  101.539 101.429 .?01-31,  1 0 1 0 2 0 /  
2 2  D A T A  ( C O N E (  I )  r I=76915O)  / ANGLE4 
23 7 lnl. '->9, 100.97, 100.85, 100.74, 100.62r ANGLE4 
24 8 1qO.49, 100.37, 100.25, 100-12,  99.99, ANGLE4 
75 9 99.86, 99.73, 99.60, 99.47, 99.34, ANGLE4 
76 1 99.709 99-96,  98.92, 98.78, 98.64, ANGLE4 
27 2 98.50, 98.369 98.21, 98.07, 97.92, ANGLE4 
28 3 97.78, 97.63, 97.48, 97.33, 97.19, ANGLE4 
29 4 97.04, 96.89, 96.74, 96.59, 96.44, ANGLE4 
3 0  5 96.21, 96.14, 95.99, 95.84, 95.70, ANGLE4 
71 6 95.54, 95.39, 95 025 9 95.10, 94.95 9 ANGLE4 

ANGLE4 
3 3  8 94. I_@ 9 93.97, 93.83, 93.69, 93.569 ANGLE4. 
3 4  9 93.42 93.28, 93.159 93.02, 92.88, ANGLE4 

ANGLE4 
36 2 92.09, 92 096, 91.83, 91.70, 91.579 ANGLE4 
3 7  3 91.44, 91.319 91.18, 91-05 ,  90.93/ ANGLE4 
38 DATA ( C O N E ( I ) r 1 1 1 5 1 9 2 2 5 ) /  ANGLE4 
3 9  4 90-80,  90.68, 90.55, 90.43 9 90.309 ANGLt4 
4 0  5 90.18 9 90.05 9 89.93, 89.81., 89.699 ANGLE4 
4 1  6 89.57, 89.44, 89.32, 89.20, 89.08, ANGLk4 
42 7 88.963 86-84, 88.72, 88.60, 88.49, ANGLE4 
43 8 88.37, 88-25,  88.13, 88.002 9 87.90, ANGLE4 

ANGLE4 
ANGLE4 

_________.__ 07 1 1Q1.80, 1fl1.959 102.09, 1 0 2 . 2 3 ,  102.36, 

7 103.n3, 103.13, 103.21, 103.30, 103.78, ANGLE5 
1' 4 107 .45 ,  103.57, 103.58, 103.64, 103.70, 

1 7  7 104.00, 104."0, 1 0 4 0 0 0 ~ -  104.00, 103.99, 

103.85, 103.82, 103.78, 103.74, 103.70, ____ 15 9 __ _._____ ____.____ 

_________-_ 

3 7  7 94.80, 94-66 ,  94.529 94.381 94.24, 

35 1 97.75 , 92.62, 92-48,  92.359 92-22, 

44  9 87.78 9 87.66, 87.55, 87-43  9 87.32 9 

45 1 67-20,  87.089 86.97, 86.859 86.74, 
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46 2 86.62 9 86.50, 86.39, 86.27, 86-16, ANGLE4 
47 3 86.04, 85.939 85.82, 85.70, 85.59, ANGLE4 
48 4 85.48 9 85.36, 85.309 85.14, 85.029 ANGLE4 
49 5 84.91 9 84.809 84.699 84.58, 84.47 9 ANGLE4 
5 0  6 84.35 9 84.24, 84.139 84.02 83.919 ANGLE4 
5 1  7 83.83, 83.699 83.58, 83.47, 83.369 ANGLE4 
52 8 83.25 9 83.149 83.049 82.93, 82.829 ANGLE4 
5 3  9 82.71 9 82.609 82.501 82.399 82.281 ANGLE4 
5 4  D A T A  ( C O N E ( I ) , I = 2 2 6 9 2 7 5 ) /  ANGLE4 
5 5  1 82.189 82.079 8 1  096 9 81.86, 81.759 ANGLE4 
5 6  2 81.64, 81.549 81-43,  81.33, 81.22, ANGLE4 
57 3 81 012 9 81 .n2 80.91 9 80.81 9 80.709 ANGLE4 
58 4 80.60, 80.509 80.39, 80.29, 80.199 ANGLE4 
59 5 80.09 9 79.989 79.88, 79.78, 79.68 9 ANGLE4 
6n 6 79.589 79.489 79.38, 79.28, 79.189 ANGLE4 
6 1  7 79.089 78 098 9 78.889 78.789 78.689 ANGLE4 
6 2  8 78.58 9 78 -48  9 78.389 78.289 78.18 9 ANGLE4 
63 9 78.09, 77.999 77.89, 77.79, 77.709 ANGLt4 

77.60, 77.509 77 - 40 77.309 77.20/ ANGLE4 6 4  1 ______.___-____ 
65 D A T A ~ A A ~ 1 ~ 1 ~ ~ 1 ~ ~ ~ 1 2 ~ / 1 3 ~ 8 1 6 8 8 4 ~ ~ ~ 2 7 6 3 ~ 7 Q 3 ~ ~ 1 ~ 8 3 4 4 4 8 E ~ 0 2 ~ ~ ~ 7 0 3 0 7 0 5 0  ANGLE4 
66 $ E - ~ 5 ~ 1 ~ ~ 8 l h 8 8 4 9 - . 2 7 6 7 8 7 ~ 3 ~ ~ 1 3 8 3 4 4 4 8 E - 0 2 9 - ~ 7 0 3 0 7 0 5 0 E ~ 0 5 ~ 2 6 ~ 5 ~ ~ 0 4 1 4 ~  ANGLt4 

ANGLE4 67 % ? . , n o /  

ANGLE4 68 END ~ _ _  - 

FTRFTC AbIGLF 
ANGLE7 c 

C THI5 IS FOR b4V-67 ANGLE7. - I- A N G L L  
"1 BLOCK D A T A  ANGLE7 

_____ ANGLE7 -~ n2 COMI~ON/CANOPl/CLOCK/CANOP2/CONF( 135 ) 
n ? COMMON /COEFF/A ( 6 9 3 ANGLE7 

___ ~ 

ANGLt7 
05 DATA(CONF( I )y I=5975 ) /  07671E029 7670E02 9 7668E029 ANGLE7 

_.__________ 1 4  D A T A  C L O C K /  .45EO2/ ~ ~ ___. _ ~ _ _ _  

0 8 1 8 9 E 0 2  9 e 82  10E02 9 -8232E02 9 ANGLE7 7 q  8 S l h 8 E " T  9 __ 
7 1  8 .8755E079 * 8778E07, 8302EO2 9 e8326E02 9 ANGLE7 

ANGLE7 
2 7  D A T A  (COb!F ( I 1 9 1=769135 1 / 8452E02 9 8479E02 9 8506E029 ANGLE7 

-____ - - 77 8 _ _ _ ~  . a 3 ( i ~ ~ ~ 7  . 8 2 7 5 ~ n 2  , rn 8400E02 9 e 8426E02/ 

74 8 o8534En7, _- o8567EP29 . a 5 9 0 ~ 0 2  86 19E 02 t ANGLE7 
7 5  8 . 8 6 4 ~ ~ n ?  0 8678EP2 9 a 8708E02 9 8739E02 9 ANGLE7 
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L 

C COVPI ITF TOROUF 
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_ *  ,.n- 
LHMUK I 

0 3 2 -  Q R T ( 3 , 1 ) = T H ( 1 )  P A R I N T  

0 3 4  DO 37 J=193 P A R I N T  
I 1 3  2 J I  - 3 - J  

075'31 I F ( J 1 o E O o O ) G O  TO 3602 PAR I NT 

07601 GO TO 37 P A R I N T  

037 CONT IN lJE  PAR I NT 

n r  
1. n 

1 - c  - .  
-- - ,. ^ .  .... ,., -. -." . - .  n . - v  

IJ ')b t t ' c  I s 9 J I - - I I ~ L C  I I A-J I J r A K I W f  

- I .  - ,. - r.1 
3 9 J I - i \J'=JV r n  

L 

C F I T  CURVE AND SORT OUT DATA 
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c D l L l  I I B  I L K V H L  I VI-l  I 

C C CONSTANT I D M T  
L UiJFBlji I Di*Ff-- 
C F ( 2 )  I N T E R V A L ,  F = B*C I DMT 
L r u H  I 
002 DIMFNSION ! 312 )9F(2 )  I D M T  

- m .  

- ,-.I 

1u1-i I 

I D M T  

JPL TECHNICAL REPORT 32-1305 75 





JPL TECHNICAL REPORT 32- 7 305 77 



78 JPL TECHNICAL REPORT 32-1305 



J P l  TECHNICAL REPORT 32- 7 305 79 



80 JPf TECHNICAL REPORT 32-7305 



* nl"""7 L 

I A N G 6 4  C C O V P U T P n T I O Y  OF I N T F R V A L S  F3?  AVGIJLAR P O S I T I O N  
< I AWfS-frtF- 
n"1 7IJQr iOi 'T  T YE IPNGPS ( L ,M ,TH 9 10 1 I A N G 6 4  
I r i w F 3 6 4 -  
C I A N G P S  - 4 PRGU?AFNTS I A N G 6 4  

; L I N D E X  P I T C H  FOR L = l  I A N G 6 4  
rnI-3 I 9 T A p b 6 6 4 -  

C R O L L  F O R  L=3 I A N G 6 4  
L. L 9 P \lI I 4  I nNe%- 
C I D  T I P E  I N  D A Y S  FRO% JAN 1 I A N G 6 4  

C T H ( 2 1  I N T E R V A L  O F  ANGULAR P O S I T I O N ,  (UPPER,LOWER) I A N G 6 4  
c. MMI+%- 

no2 D I M F N S I O R !  T H ( 2 ) , T H X ( 2 1 , T H Y ( 2 ) , T H Z ( 2 1 , T 1 ( 2 1 r f 2 0 , T 3 ( 2 )  I A N G 6 4  ,-. ', h a T ^W 

- 
- 
* 

I nd I VI\ L-L n 

r n7n-r r 1 n  

A.  I -,- 
L V U  I 

- T 1  

cln. * 
L \ ' L  L3v%w-M?\ I , 2 w 9 € k L r - M l c J : 9 u E L  M 
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c L m 1 i L u n - t  
.. c THIS IS FOR MM-64 CANCOR4 

CANCOR4 

- r c i W M F E  _ _  5'-ocF: DATA L- 

C 
-, . -,n r ,,, 

\ I  1 
6. 

3- - 
3 1 U 9 L 9 R  I 
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e 
CANCOR4 

C B ( 3 )  = ROLL MEASUREMEN,T CANCOR4 

~ CANCOR4 C OUTPUT C 
L L \ + I  - - m I L L I ~  RAetAfits c m  
c C ( 2 )  = YAW I N  M I L L I - R A D I A N S  - CANCOR4 
I. L \ 2 t  - LL l i b  I"IILL1' m cn- 
C CANCOR4 
U L  ur-i i l ~ t 3 1  c- 
03 C O M M O N / C O E F F / A A ( 4 , 3 )  CANCOR4 

CANCOR4 C 
L J 1 3  Ilw IN 8-nl3 r m L n  

K IS T I M E  I N  DAYS FROM J A N  1 CANCOR4 c 
1 3  L L U L K  H--- z C O N E ( K ) = C A H O P U S  CONE ANGLE I N  D E G R E E S  CANCOR4 

L LMwef#- 
05 I F  ( K o G T . 3 3 0 )  J=K-331 C ANCOR 4 

07 THETAl=CLOCK*.17453293E-01 CANCOR4 
I J I X . 1  f 4 m m  

C CANCOR4.  
L L H L ~  ur A!-K L m  

c P = P I T C H  MEASUREMENT I N  M I L L I - R A D I A N S  CANCOR4 
i = T'HW -~i ih Miiii - i i ~B f f tWs  LHft€@%- ; . R = R O L L  MEASUREMENT I N  M I L L I - R A D I A N S  C ANCOR 4 

c C A W  
09 P ~ ( A A ( 1 ~ l ) + A A ( 2 ~ 1 ) ~ B f 1 ) + A A 1 3 r 1 ) * B ( 1 1 * * 2 + A A ~ ( 4 ~ 1 ) * B ~ 1 ) * * 3 )  CANCOR4 

R = ( A A ( 1 , 3 ) + A A ( 2 , 3 ) + R ( 3 ) + A A ( 3 , 3 ) * B ( 3 ) * * Z + A A ( 4 ~ 3 ~ * 6 ( 3 ) * * 3 ~  CANCOR4 11 
L 1 -Li)ftmE: I H +  I 

1 3  C 2 = C O S ( T H E T A 2 )  CAN C OR 4 
14. 21-7 l H l i  L 

1 5  S 2 = S I N ( T H E T A 2 )  CANCOR4 

CANCOR4 17 C ( ? ) = Y  
L H m  ; CANCOR4 

- 
L - 

- . - .  I 

A - . -_ e._. . -., .*., . - * A  

^ ^  ..I -.-. - 
11 4 L U L  

- - -  - I  -. . -. 
- r .  n r . .  . r r  r .  C L O L h  -,. -. 

- - 
- -  - . * *  . - - - - .  . ., - ,  - A  
r15 I1  I h a L I  o 3 3 L J J  J-htZJ4 LMN€Ht+- 

7 ,  a. r n  

- c- - 
- 1  

- - .  - r .  - . .. -. 
I (J ? - I A H  I 1 9  L I ,k%n L 9 L I sarr+cftft.r 3 9L I Lt 9 L I ~- I L 

-. a. 7 . 1 .  
L L  

-., - -.. r __ 

P A  

T H I S  IS 5 M A L L  ANGLE A P P R O X I M A T I O N  - SECOND TERMS NEGLECTED 
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P A  L m  

C C ( 3 )  = R O L L  I N  M I L L I - R A D I A N S  CANCOR7 

02 D I M E N S I O N  B ( 3 ) r C ( 3 )  C A N  COR7 

04 COMMON/CANOP1/CLOCK/CANOP2/CONE(l35) CANCOR7 

CANCOR7 C J I S  T I M E  I N  D A Y S  FROM L A N C H  

C C L O C K  = X - A X I S  C L O C K  A N G L E  I N  D E G R E E S  CANCOR7 

C CANCOR7 

06 THETAl=CLOCK*.17453293E-01 CANCOR7 

C CANCOR7 

C P = P I T C H  MEASUREMENT I N  M I L L I - R A D I A N S  CANCOR7 

C R = R O L L  MEASUREMENT I N  M I L L I - R A D I A N S  CANCOR7 

08  P = ( A ( 1 ~ 1 ) + A ( 2 , 1 ) * B ( 1 ) + A ( 3 ~ l ~ * B ~ l ~ * * 2 + A ( 4 ~ l ~ * B ~ l ~ * * 3  C A N  COR 7 
I - r i 3 \ 2 9 l  r v \ o , i 1  -M *5+ 

10 Y = ( A ( l , Z ) + A ( Z , 2 ) * @ ( 2 ) + A ( 3 , 2 ) * 6 ( 2 ) ~ * 2 + A ( 4 , 2 ) * B ( 2 ) * * 3  C A N  COR 7 
1 1  1 t H I 3 9 C  l - ~ t t 4 + 8 \ o , L l ' t B f  -2t **-rj .t 
12 R = ( A ( 1 , 3 ) + P ( 2 , 3 ) * 6 ( 3 ) + A ( 3 ~ 3 ) * @ ( 3 ) * * 2 + A ( 4 , 3 ) * B ( 3 ) * * 3  CANCOR7 
1 3  1TH-n I O  ,3-Pwe%-w.J I L M  

14 C l = C O S ( T H E T A l )  CANCOR7 

16  7 S l = S I N ( T H E T A l )  ,-- P T L I  r T  CANCOR7 

C CANCOR7 

C CANCOR7 

19 c ( 7 ) = Y  CANCOR7 

71 RETlJRN CANCOR7 

C 
L M -f+etFj---Btfo - P d f € f S S A R Y  
C J P L T 3  WAS U S E D  W I T H  T H I S  PROGRAM 

nn r C P r - l A , ,  ". v 3  r b  
L r i  / , t t o 9 z i i  L M m  

r r n  
L cn 

r e t l  I¶\,- C~ 7 
L \ A 4  I &  1 1 1 1  , , I d  I,, A 

c I r ,?.I r,rr r r -c  P A  J C  L 1 1 %  W L  LLd Lt *N€eFF?- 

n c  I I. 7 1 1  
2 J - h  I V Y  

A -  - I , - - .  - -. , - A  
\I I I I IL I nL -Lm \ J 1 - *I I .tm v I L t  * 

r P A S  7 I - ,  nr 1 n 
L L M L l U l \ M l l ~  U l  f l - w -  I\ 

P A  

r P A  nn7 
L I - I H W  m- It4 W L L :  R:Ftf)fBXS L M  VI\( 

- r n  
L L M  

-G9 c 7 ,  Y r n  
+ n m  

c A , . .  q. -___ ,-A nrl7 VI\ I 

- C .  r n  

r r -  'P ,?  1 T t I C  A " .  
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